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Abstract 
At present time there exists the problem of development of main memory elements based on the delay of electromagnetic signal 
with frequency of ~100 kHz on hundreds microseconds. This paper is devoted to theoretical and experimental investigation of the
possibility of development of corresponding acoustic delay lines. It was supposed to use the antisymmetric acoustic waves of 
zero order propagating in thin (compared to wavelength) metal plates. In this connection, we theoretically studied the parameters
of A0 waves propagating in plates of various metals such as brass, bronze, copper, steel, and aluminum. For analysis of wave 
propagation in aforementioned plates, we used the standard motion equation and constitutive material equation for investigated 
medium as well as corresponding mechanical boundary conditions. As a result, the phase and group velocities versus parameter 
hf (h = plate thickness, f = wave frequency) were calculated for A0 wave propagating in mentioned above plates. It has been 
found that for steel plate the delay time about 0.5 ms can be achieved at the lengths of waveguide L = 0.373, 0.737, and 0.971 m
for h = 0.175, 0.5, and 1.0 mm, respectively at f = 120 kHz. The theoretical results were verified by experiment, which showed 
the possibility of development of corresponding delay lines with delay time ~500 mks and acceptable insertion loss. In 
experiments, the excitation and reception of A0 waves were performed by the standard piezoelectric transducers of longitudinal 
waves and prismatic steel concentrators. The details of theoretical analysis and experiment are described. 
PACS: 43.60.+d 
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1. Introduction 
At present time there exists the problem of development of main memory elements based on the delay of 
electromagnetic signal of ~100 kHz on hundreds microseconds. Below we present the short survey of references 
devoted to this problem.  
The delay line based on the use of wave with shear polarization propagating in thin metal films was described in 
[1]. For excitation and reception of this wave the piezoelectric transducer of shear bulk wave having the acoustic 
contact with the edge of film was used. However the making of such construction meets with the technological 
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difficulties and the lower limiting frequency is equal ~1 MHz. The authors demonstrated the possibility of
development of delay line with the following parameters: delay time 600 mks, frequency 2 MHz and insertion loss
30 dB. At that the sizes of the film were the following: the length 1880 mm, the width 38 mm, and the thickness 0.5
mm. It was also shown the possibility of increase of the delay time up to 4200 mks at the frequency 1.5 MHz.
The delay lines with significant delay time based on the torsion modes propagating in wires or round bars are also
well known [1]. In this case the excitation and reception of torsion waves could be performed by the
magnetostriction transducer as well as by the piezoelectric one. In the first case the value of the lower limiting
frequency was equal to 1-2 MHz. For decreasing the operation frequency one should increase the diameter of the
wire or round bar. For example, the optimal diameters of wire at frequencies ~1 and 0.1 MHz were equal 0.5 and 5 
mm, respectively. For such method of mutual transformation of electromagnetic and acoustic energies, the insertion
loss was equal 50 - 70 dB. In the second case the use of piezoelectric transducers allowed to decrease the insertion
loss on 20 - 40 dB. At that, the possibility of insignificant decrease of the lower limiting frequency up to 750 kHz 
was demonstrated.
It was also shown that the delay line with significant delay time might be constructed on the use of shear bulk
acoustic wave propagating in polygonal crystal acoustic wave – guide, the thickness of which made up several wave
lengths [1]. Such delay lines allowed to get the delay of the signal in the range 1 – 10000 mks at frequencies from 5
up to 10 MHz. However at the frequencies ~100 kHz such approach becomes unacceptable due to the huge sizes of
the wave – guides.
The delay lines with significant delay time based on the surface acoustic waves are used very widely [2, 3]. The
wave – guides for these delay lines have the form of the plate with rounded edges, which allow passing the acoustic
beam from one side to another one. However for such delay lines the value of the lower limiting frequency is very
high and equal 40 -50 MHz. At the frequencies ~ 100 kHz such principle leads to the necessity to use the wave –
guides and interdigital transducers of the huge sizes, which are unacceptable for the practical applications. 
The reference [4] is devoted to description of various ways of the decrease of group velocity in 1-D and 2-D
acoustic wave - guides. They are metal and dielectric whiskers and metal foils. It has been shown that at micron 
sizes of the wave – guides the group velocity of shear horizontal and torsion waves may be decreased up to 1000 –
1200 m/s. The possibilities of such wave – guides were demonstrated for obtaining the delay time of several tens
microseconds at the frequencies 5 - 10 MHz. However, the decrease of the operation frequency meets with the
insuperable difficulties connected with the necessity of excitation and reception of acoustic waves in such delicate 
wave – guides. Moreover the significant delay time on such wave – guides is unachievable due to impossibility to
supply their corresponding significant length.
This paper is devoted to the investigation of the possibility of development of the delay lines with delay time of
several hundreds microseconds at frequency ~100 kHz. We suggested using the antisymmetric acoustic wave of
zero order A0 propagating in thin metal plates. As is well known [5,6] such wave has the lowest values of the phase
and group velocities compared to other plate waves. The analysis of various plate materials showed that the most
suitable material for wave-guides is the steel.
2. Theoretical results
2.1. The method of calculation of characteristics of A0 wave in isotropic plate
We consider the problem of propagation of acoustic waves in isotropic plate of thickness h with mechanically
free boundaries. The geometry of this problem is presented in Fig.1, where the wave propagates in positive direction
of axis x1. The plate is bounded by planes x3=0 and x3=–h.
The regions x3>0 and x3<–h correspond to vacuum. The acoustic wave must satisfy to motion equation [7]
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Fig.1 The geometry of the problem
and mechanical boundary conditions on the surfaces [7]
(x
3iT  0 3=0), T (x3 0i  3= –h) (2)
Here U is the density of the plate material, l
ij ijkl
k
uT c
x
w 
w
 is the mechanical stress, cijkl is the elasticity coefficient of
the plate material, and ui is the component of the mechanical displacement. The solution of this problem
corresponding to the waves, which propagate along axis x1 and are inhomogeneous along axis x3 may be found if the
mechanical displacement ui is presented in the following form [8,9]:
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Here Ui is the amplitude, Z is the angular frequency, t is the time, V is the phase velocity, D is the unknown value
determining the degree of wave inhomogeneity along axis x3. The substituting (3) into (1) leads to the Christoffel’s
equation:
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The condition of its non-trivial solution is the following equation:
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By using the standard change of indices (11o1, 22o2, 33o3, 32o4, 31o5, 21o6) and condition of the
isotropy of the plate material when the tensor of elastic coefficients contains only two independent components ɫ11
and ɫ44 the equation (5) may be presented as [7]:
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This is the equation of sixth degree respectively to D for which the unknown value of V is used as parameter [8, 
9]. Each root of this equation D(r) (r = 1..6) (eigenvalue) determines the eigenvector Ui(r), and the general solution of
(4) is the linear combination of the partial waves propagating with the same phase velocity V [8, 9]:
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The weight coefficients Ar and the phase velocity V may be found from the system of linear algebraic
homogeneous equations, which is obtained by substituting (7) into the boundary conditions (2) [8, 9]. As for group
velocity it may be calculated from the well-known expression [7]:
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where k is wave number: k = Z/2SV.
At the small plate thickness h<O (O = wavelength) the solution of considered problem represents three wave types
of zero order: antisymmetric A0, symmetric S0 and shear horizontal SH0 waves with phase velocities VA0<VR,
VS0>VR and VSH0=VT [6]. Here VR and VT are velocities of Rayleigh wave and shear bulk wave, respectively. Fig.2
and Fig.3 present the dependencies of the phase and group velocities, respectively, on parameter hf (f=Z/2S).
One can see that with decrease in plate thickness the phase and group velocities of A0 wave tend to zero. It means
that by changing the thickness one may obtain the any value of the velocity in region 0<V<VR. Therefore the
antisymmetric wave A0 has the promising characteristics for development of the delay lines with long delay time.
2.2. The results of calculation
The phase and group velocities of A0 waves propagating in steel plates are presented in Table 1 for frequency 120
kHz and various values of plate thickness. For this calculation we used the following parameters of steel: c11 =
2.86u1011 Pa, c12 = 1.2u1011 Pa, ɫ44 = 0.83u1011 Pa, U=7.7u103 kg/m3. The fourth column shows the length of
waveguide for achievement the group delay time of 500 mks. One can see that for considering values of plate
thickness the development of such delay lines is represented as quite real. 
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Fig.2  The dependence of the phase velocity on parameter hf in 
steel plate.
Fig.3  The dependence of the group velocity on parameter hf in 
steel plate.
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Table 1. Results of calculation
h, mm V, m/s Vg, m/s L, m 
0.175 457.0 745.2 0.373
0.5 760.2 1473.9 0.737
1.0 1053.8 1942.3 0.971
3. Experimental results 
For launching and receiving of A0 wave in steel plate, we use the device, which is schematically presented in
Fig.4.
The electromagnetic pulse was applied to the input piezoelectric transducer 1, which excited the bulk longitudinal
wave following into concentrator 2. This concentrator represented the prism of trapezoid form. The values of width
at the bottom and top were equal 10 and 3 mm, respectively. It means that the power density of acoustic wave at the
top increased approximately three times compared to the bottom. The concentrator 2 had the acoustic contact with
the transducer 1 through the thin layer of the epoxy. The contact of the prism top with the steel plate 3 was also
performed by the epoxy. The longitudinal wave coming up to the plate excited the vertical oscillations, which
radiated A0 wave propagating to the left and right from the contact of plate and concentrator. Acoustic pulse
propagating to the left reached the output concentrator 4 and transducer 5 and transformed into electromagnetic
delayed signal. For the measuring the delay time and insertion loss, we used the measuring equipment presented in
Fig. 5. 
The input port of delay line 1 was connected with HF generator 2, which was modulated by pulse generator 3. 
The delayed output signal followed in oscilloscope 4, which was synchronized by pulse generator 3. The measured
values of delay time and insertion loss for three values of plate thickness are presented in Table 2.
Fig.4  Scheme of the device Fig.5  Block scheme of measuring device 
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1
1
2
3
70 mmL = 183 y404 mm
5
4
inputoutput
Table 2. Measured delay times and insertion loss
Plate thickness, mm Delay time, mks Total loss, dB 
0.175 500 36
0.5 360 30
1.0 220 28
It is apparent that total insertion loss is the sum of losses in transducers, concentrators, and plate. The same
argumentation refers to the delay time. In order to find the group velocity and wave attenuation of A0 wave in plate
the contact of output concentrator with the plate was performed by the thin layer of castor oil. Under such approach
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the distance between concentrators may be smoothly changed with the help of the special precision mechanism. This
allowed to measure the dependencies of delay time and insertion loss on the distance between concentrators. Fig. 6
and 7 show the aforementioned dependencies for three values of plate thickness. 
These dependencies have allowed to find the group velocities and specific attenuation of A0 wave in steel plate, 
which are presented in Table 3.
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Fig.6  The dependencies of delay time on the distance between 
concentrators
Fig.7  The dependencies of insertion loss on the distance between 
concentrators
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Table 3. The group velocities and specific attenuation of A0 wave in steel plate
Plate thickness, 
mm
Plate width, 
mm
Vg, m/s
(theory)
Vg, m/s
(experiment)
Specific
attenuation, dB/m 
0.175 10 745.2 785 25
0.5 20 1473.9 1343 13.2
1.0 39 1942.3 1848 <1
4. Conclusion
Therefore for development of delay line at the frequency ~100 kHz with delay time of several hundreds of
microseconds with acceptable insertion loss one may use the antisymmetric wave of zero order A0 propagating in
steel plate of thickness ~0.2-0.5 mm. At that, excitation and reception of this wave may be performed by the
standard piezoelectric transducers of bulk longitudinal wave and concentrators of trapezoid form.
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